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Apollo Lunar Exploration Program:
Six Scientific Expeditions to the Moon

APOLLO N

Established the Moon as a Cornerstone for
Solar System Science



The Moon as a Cornerstone for
Solar System Science

-One or more spacecraft currently/recently orbiting each of the terrestrial planets.

-We have fundamental questions about the formation and evolution of each of
these planetary bodies, and together the terrestrial planetary bodies as a whole.

-Many of these questions can only be answered in the context of lunar exploration



Exploration of Planetary Crusts:
A Human/Robotic Exploration Design Reference Campaign
to the Lunar Orientale Basin

1. The importance of coordinated human/robotic exploration.
2. Why the Orientale multi-ring basin?
3. Human/Robotic Scientific Destinations at Orientale.

4. The Human/Robotic Architecture: A Basis for Design Reference
Missions.
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Centers on Six Themes

1) Precursor (What do we need to know before we send humans?).

I1) Context (What are the robotic mission requirements for final
landing site selection and regional context for landing site results?).

1) Infrastructure/Operations (What specific robotic capabilities are
required to optimize human scientific exploration performance?).

IV) Interpolation (How do we use robotic missions to interpolate
between human traverses?).

V) Extrapolation (How do we use robotic missions to extrapolate
beyondthe human exploration radius?).

V1) Progeny (What targeted robotic successor missions might be sent
to the region to follow up on discoveries during exploration and from
post-campaign analysis?).




What is the Relationship of Human and Robotic Exploration?

Lunokhod, Apollo and MER Traverses to Scale

.

ASAC 1T T o DDt
a Y Nemdamy oy ovaw Yo re
v wd ywdvw o P w.av

AD Apwdhs mwwryamn ww oot o
P L’ MG Aors T mms fond aw . wt
bw Apaciy oy 7T e gevtow e Pavere
vy ol v Ve v bl gy S Ve basraen




DUAL MODE ROVING VEHICLE Apollo 19-21

Grumman version - Unmanned configuration

Dual-Mode Roving Vehicle

DIRECTIONAL
ANTENNA

BENDIX CONFIGURATION C‘v

MANNED 6-WHEEL DLRY

YVC”‘"“Y s FAC CAMERA
RADAR___ . 7 MANUAL D.F,

PWOD COND & DISTR,
ASTRONICS
AUX. PANEL

"{ f SYSTEM
/ ;

COMPUTER
DIFF/SPEC
GRAVIMETER
STAFF TRACKER

MOBILITY
CONTROLLER



Exploration of Planetary Crusts:
A Human/Robotic Exploration Design Reference Campaign
to the Lunar Orientale Basin

1. The importance of coordinated human/robotic exploration.
2. Why the Orientale multi-ring basin?
3. Human/Robotic Scientific Destinations at Orientale.

4. The Human/Robotic Architecture: A Basis for Design Reference
Missions.



Formation and Evolution of Planetary Crusts
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e 1. Crustal geometry/physmal structure

» 2. Crustal chemistry/mineralogy/petrology;

* 3. Exogenic crustal modification by impacts;
* 4. Chronology of crustal formation/evolution.



Major Lunar Features: Multi-ring basins:
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Lunar Orientale Impact Basin:
The Type Area for Lunar Basin Formation an Evolution.
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Composition of the Ejecta from the Orientale Basin: Crust and Mantle

(Fassett and Head, 2011, GRL)
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Structure and Composition of the Lunar Crust:
The Magma Ocean Model
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Feldspathic breccias; homogeneous, well-mixed.

Cordillera Mountains:
Feldspathic breccias;
unweathered.

Montes Rook Fm.
(Knobby, Domical Deposit)

Feldspathic breccias; some anorthosite blocks.

Outer Rook Mountains:
Norites, noritic anorthosite
and anorthosite; more crystalline
blocks.
Inner Rook Mountains:
Massifs are crystalline anorthosite;
discrete peaks and clusters of peaks.

Maunder Formation
(Basin Impact Melt Deposit)
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™ Materials >~98% plagioclase (Cheek et al., 2012)
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Lunar Orientale Basin: Link to Apollo Missions Environments/Results
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Filling of the Orientale Basin with Mare Deposits.
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(Whitten et al., 2010)
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ROI 2: What is the Origin of the Inner Rook Mountains?
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ROI 4-Explosive Volcanic lonian Ring

:

+Pyroclas
drag !

*Pas

«Vent slightly
flared in regolith




Exploration of Planetary Crusts:
A Human/Robotic Exploration Design Reference Campaign
to the Lunar Orientale Basin

1. The importance of coordinated human/robotic exploration.
2. Why the Orientale multi-ring basin?
3. Human/Robotic Scientific Destinations at Orientale.

4. The Human/Robotic Architecture: A Basis for Design Reference
Missions.



Lunar Science for
Landed Missions Workshop

1) Precursor (What do we need to know before we send humans?).

I1) Context (What are the robotic mission requirements for final
landing site selection and regional context for landing site results?).

1) Infrastructure/Operations (What specific robotic capabilities are
required to optimize human scientific exploration performance?).

IV) Interpolation (How do we use robotic missions to interpolate
between human traverses?).

V) Extrapolation (How do we use robotic missions to extrapolate
beyondthe human exploration radius?).

V1) Progeny (What targeted robotic successor missions might be sent
to the region to follow up on discoveries during exploration and from
post-campaign analysis?).







